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B _JTHE ROLE OF PERIPHERAL VISION AND VISUAL VESTI-
~BULAK INTERAGTIONS IN THE EXOCENTRIC PERCEPTION OF LINEAR MOVEMENT
IN HUMANS.

- A Report (*) by Alain Berthoz, Bernard Pavard and Lawrence Young,
presented by Alfred Fessard ~ , _

The presentatlon, at the periphery of the visual field, of - /1605%
- a scene animated by 11near movement, induces a sense of llnear ' '
dlsplacement of the: body in a-direction oppos1te €5 tHAt Of the movfj

‘Alng scene. The laten01es, ‘thresholds, and saturation. 1imits of _
this phenomenon are described quantltatlvely, as.well as. the dy~
namic relations between the change of speed of the visual scene
and the speed of the subjects displacement. Some modlflcatlons
of the wvestibular evaluatlon of llneer movement were observed.

It is known from the experlments of Mach 4%})that a mov1ng
visual scene can induce in a subject, not only thé sensation of .-
displacement of the surrounding space (egocentrlc movement), huth

'ialso, that of movement of the subject's own bedy (exocentrlc ”
movement). This 1mportant contrlbutlon of the visual . system to

. the perception of movement of the body, even though it often oo
gives rlse to 111us1ons, has been the subject of only scattered

studies : [2 g, 4] However, it has recently .been shown LY
that the presentatlon of images that rotate about a horlzontal .
" or vertical axis induces- respectlvely a modlflcatlon of’ the sub- /1606

jectlve vertlcal “Lb and a sensation’ of exocentric movement
I S .
<[6, 8] Thls S6NSation Conflicts With 1nformatlon of - ‘—__j::}

e
1abyr1nth1ne origin- [5Jm7] and involves EWEQ§}f£E§tt99_9£m“_n,_m_.e“_j
' vestlbular thresholds[hj,.

We present here prellmlnary results that establlsh the role o

of perlpheral visibdn 1n evaluatlng linear speed and the

, *NumberS'in the margin indicate pagination in the foteigthext.ﬂi



Fig. .--A. Experimental setup: the subject is seated on a cart
(c)} A projector rotates a transparent band (b) on which are
drawn various signs (letters, points, crosses, etc.). The image
of this band is projected on a screen (e) (area: 1.6 m?, distance
from the horizontal plane of the eyes: 0.5 m). The subject,

- whose head is positioned by a chin rest, sees through two lateral
windows (fl) and one overhead opening cut in a black box. The
virtual images (i) of the screen (e) are given by two mirrors '(m) -
at 45° angles. A lever (1) at the right of the seat allows the
- subject to give a subjective evaluation of his or her speed Vs
when the £ilm is moving at the speed Vi or when the cart moves.

B. View from above which indicates the position of the images (i)
relative to the eyes of the . subject”(édngle of vision: . approx.

- 20 to 70°). Vi is the speed of the images relative to the cart.

- Vs is the subjective speed of the subject. ‘

 C. View from the right, indicating the position of the screen (e).
Note that Vs is slightly inclined downward.



Orlgln concerning the translatlon of the body.

- METHODS.--The subject is seated on a moveable cart (flg 1), the
'jdlsplacement 'of which can be measured. ‘Figures prOJected on the
. sCreen (e) move toward the front or toward the back, at speeds '
\(Vl) varying between 0 and 2 m/sec. These varlatlons in speed
impulses are stepw1se=or sudden. A computer controls the. speed5'
of passage of the 1mages vi, and records the responses of the ‘f
subject. In the case of a dlsplacement -of the cart, it also B
calculates the speed, the acceleratron, and thelr correlatlons
"with the evaluatlon of Vs. - Several- serles of experlments were
‘Aperformed in the course of which the subject was 1nstructed to..

look steadlly at a point on the screen (e) (fixation p01nt), or,'”
t.hav1ng covered the overhead wmndow, to flxate on a statlonary :
.horizontal liné at the bottom of the black box. A standard pro~,;
‘,cedure allows the subjectlve response of the subject to be cali-
 brated at the beglnnlng of each experlment
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- Fig. 2.--Dynamic characteristics of the subjectlve sensatlon of ;
forward linear speed induced by the backward passage. of 1mages at‘

. the perlphery of the visual fleld.

w-‘A Varlatlons 'in the subjective speed (Vs, arbltrary unlts) as e‘
function of the speed of the images Vi. : ;

““B Time of effect (T) of the. sensation of subjectlve speed Vs forf' l'
" various stepwise changed in image cart—type speed Vi. Meanlii)
and standard deviation for 10 subjects. T



RESULTS.~~The case when iny the Visual-scené moves .--The
/movement of the images backward or forward created, in 29 subjects
out of 30, the illusion of displacement with a sense opposite to
that of the images. The strongest sensafion is obtained with
irregular figures arrariged in a random fashioh, and the sensation
last for as long as the stimulus is presented. It is the whole
ccnsisting of the black box, the cart, and the subject's,body
that is perceived as moving rectilinearly with a speed Vs. When
‘the instructions are to keep the gaze on the fixation point, this
point:seems to move relative to the -surrounding ‘space in the same
direction as Vs. Viewing either the screen (e} or the images (i)

separately is suff1c1ent to produce the illusion, but the comblned

‘viewing of the two adds con51derably to the 1mpre551on of recti- /1507‘
linear: movement, to Wthh is added a constant sensation of 1ncll-‘ ' |
nation w1th respect to the horizontal. The direction of this
inclination is always downward when Vs is forward -and upward when
Vs is backward ' | '

THRESHOLDS .~-The threhold of speed of passage of the 1mages,
measured by the presenting of th

P

efstep increase of Vi for whlch

the sensatlcn of movement appears, is very low in the subjects '
‘tested. it is often less than 1 cm/sec (mean 1 cm/s, standard f'”
- deviation: 0.5 cm/sec, for 20 subjects) ' Inlcertaln,subjects,g

the threshold is higher for Vs toward the front than towards .the
back. The relative threshold of thé detection. of a change in Vs, .
when Vi goes from a non-zero value to a greater or lesser value,
is close to the absolute threshold. Beyond this, wehn Vi is .
1ncreased past the threshold Vs reaches a value at Wthh there

is a saturatlon of the effect (flg. 2A). This saturatlon cccurs

at about 0.8 m/sec under the condltlons of our experlments

(mean- 0.8 m/sec, standard deviation for 10 sub]ects. 0.4 m/sec)

" When Vi exceeds 1. 5 m/sec, a relative deécrease of Vs is some-
times observed. o o



”TIME OF EFFEC?J——The time of effect (T) is measured by cal-

*ﬁw\‘,ﬁ T

culating the time between the beglnnlng of a step of V1 and the
moment when the response Vs of the subject reaches 10% of its

final value, which clearly indicates the perception of the sensa- -

tion of movement (fig. 2B). Measurements on 10 subjects have

allowed us to obtain an average”time‘of‘effect of iess than

. 2 seconds (standard deviation 1 sec),‘ln which it is approprlate

to include a manual reactlon time of about 0.4 sec.‘,

Vi

: RVs,Vc(('

_ Fig 3—-Interactlon between the sensatlons -of speed 1nduced by
. the visual scene (Vl) and by the translatlon speed of the cart

(Ve) .

. A. From top to ‘bottom: speed of the cart, subjectlve speed Vs,.“
"and speed of the visual scene Vi, which is zero here. WNote that

the subject detects successfully the changes in ‘speed of the: cart -
(UA = arbltrary units). .

B. From top to bottom- Speed of‘the'cart, subjectlve speed, and.

Note that the subject always 1nd1cates that the movement of the ]
cart 15 forward even though it moves backward as well as forward.-

.. Cross- correlatlon functions Rvs, VC(T) between the subjectlve ot
" speed and the speed of the cart in case: '

a. The visual scene is fixed; b. the V1sual scene 1is moving
(Vi - 1 m/sec). Note that in the second case the max1mum value
of R is more than 200 times smaller._



INTERACTION BETWEEN VISUAL MOVEMENT AND ACCELERATION.--The
vestibular receptors are detectors of angular acceleratioh‘(the
semi—circular.canalsj and linear accelerationmfthe utricle and— _/lGOB
saccule) of the head: during a translation at constant speed, |
only the component ¢f gravitational acceleration in‘the~plane of
the utricular and saccular receptors is detected, thereby,; pro-
viding an evaluation of the inclination of the head relative to -
the gravitational field. In order to compare the relative contri-
‘butions of labyrinthine receptors and peripheral‘vision in the
perception of movementSqthemselves;‘Ehé“Vé“ﬁEé"ﬁéééﬁiéd’aﬁfinémdfé:}

placements of the cart along the axis of symmetry of the system,
.the v1sual scene belng fixed or animated with a constant apparent
spead (Vi - 9 cm/sec), all this being done with nine subjects. -
In the case where Vi = 0, the subject correctly detects the varia-
tions in speed. of the cart, as is indicated by the graph in fig-

ure 3A, ‘as well as by the cross-correlatioh function R{{(Vs, Vc).

When; on the other hand, the images go by at a speed Vi ‘-
Vi-= 1 m/sec (fig. 3B), the 9 subjects incorrectly evalﬁated the . -
-movements of the cart, which they showed as losses relative to |
the average speed imposed by the sensatlon of subjectlve speed ‘
of v1sual,or1g1n Ve. This eftecttls very;strong under the condi-
tions of our experiment and demonstrates the existence of a.
central interaction of visual and non- v1sual 1nformat10n whose
lmechanlsm is still to be elucidated.

' DISCUSSION.--The results given here confirm‘the role of the
perlpheral retina in elaboratlon of the sensatlon of exocentrlc
linear movement whose appearance threshold is very low. In
nature, during a translation at constant speed (zero acceleré—
tion) the‘labyrinthiﬁe.apparatus éives no information regarding  \}{
‘the movement of the bOdy, since its spe01flc stimulus is the D

acceleration of the head. Information of VLSual orlgln is



_therefore essential. When, on the other hand the speed varles,

- the two kinds of information, visual ‘and labyrlnthlne, interact.
Our results prove that a constant pa551ng of images can modify
the vestibular and proprloceptlve evaluatlons of movement to- the
- point of cau31ng a falde evaluation’ of the objectlve direction.’”

of the dlsplacement. Furthermore, -the presentation of 1mages to
the upper -part of the ‘visual field evokes .an impression of
inclination of the trajectory that may be due either to a confllct
between visual information  (which indicates a dlSplacement) and
otolithic information (which has detected no acceleration), or

to a combination of a sensation of rotation about a horizonta1 "
axis (°) (the "circular vection" of Mach) and of translation. =
Some observations not reported here also.indicate that this cOncﬁ'
flict leads to posture:.changes as wellias to modifications of
“depth perception which are also indications of a reorganlza--

- tion of the spatial references at a central level.

(*) Session of January 14 1974
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